Introduction
Polycystic ovarian syndrome (PCOS) is a heterogeneous disorder characterized by hyperandrogenism, anovulation, and obesity in women with enlarged polycystic ovaries. 1 A total of 1-5 of women suffer from PCOS and the incidence appears to be on the increase due to changes in lifestyle and stress. 2 The exact pathophysiology of PCOS are uncertain, evidence suggests that an excess of ovarian androgen production, either genetically or due to extraovarian factors such as hyperinsulinemia or disturbances of the hypothalamic-pituitary-ovarian axis is the main cause in the pathogenesis of PCOS. 3, 4 Research over the past few decades has established that PCOS is an important metabolic disorder, associated with an increased risk of Type II diabetes mellitus (T2DM) as well as metabolic syndrome. Increased luteinizing hormone (LH) and insulin levels mainly amplify the intrinsic abnormality of their steroidogenesis. In PCOS, excess androgen activity may alter gonadotropin induced estrogen and progesterone synthesis in the follicles. 5 Although various short term symptomatic therapies are available, the best long term management strategies have not been recognized. All of these factors, if taken together, make PCOS a challenging disorder to diagnose, treat, and study. 6 Many scientific studies have proven the effect of Unani drugs in PCOS, such as Aloe barbadensis. 5 Tephrosia purpurea 7 , Mimosa pudica, Withania somnifera Dunal. and Tribulus terrestris Linn., are important drugs of the Unani system of medicine described to possess emmenagogue, aphrodisiac, uterine tonic, general tonic, galactogogue, and galterative properties, and widely used as an ingredient in many of the Unani formulations such as Majoone muqawwie reham and Majoone zanjabeel which are used for the treatment of infertility, amenorrhea, dysfunctional uterine bleeding, and other associated disorders. Withania somnifera is useful in all inflammatory conditions of organs particularly in oophritis. It is given with other drugs in the post partum period. In infertile woman if the powder of this drug is used along with milk and sugars for 21 days it aids conception. Tribulus terrestris is recommended in painful menstruation and used in diseases of the uterus. Decoction of fruits is useful in regularizing menstruation. It is also useful in infertility. 8 Many scientific studies have been carried out on these drugs. Withania somnifera possesses antistress, antioxidant, anticarcinogenic, antiaging, cardioprotective, hypothyroid, immunomodulatory, hypocholesterolemic, and hypolipedemic activities. 9 The phytochemical investigations show several phytoestrogens such as phytosterol, saponins, phenols, and flavanoids. 10 Tribulus terrestris possesses antiurolithiatic, aphrodisiac, central nervous system, stimulatory, and cardiotonic activities. 11 A study was carried out on Tribulus terrestris extract for its effect on ovarian activity of immature Wistar rats. Tribulus terrestris extract induces corpus luteum formation and growth and therefore exhibited the onset of puberty with its LH like activity. 12 Withania somnifera root supports overall functions of the endocrine system, whereas the aerial part and the fruit of Tribulus terrestris promotes regular ovulation, and may reduce ovarian cyst in women with PCOS. 13 These actions have been ascribed to various phytoconstituents present in the drugs. There is no study undertaken to evaluate the efficacy of these two drugs in PCOS. Therefore, there is need for scientific validation of proclaimed efficacy on PCOS of these two drugs. Keeping all important factors and need for research to be easily available, promising, economical, and safe drugs the present study was designed to evaluate the effect of hydroalcoholic extract of Withania somnifera and Tribulus terrestris on letrozole induced PCOS in female Wistar rats.
Methods

Animals
The study was conducted on healthy female Wistar rats weighing 200-250 g. The animals were obtained from registered breeders and allowed to get acclimatized for 1 week. They were housed in clean and sterilized polypropylene cages at room temperature (25 ± 2 • C), humidity at 45-55% with 12-hour light and dark cycles. Animals were provided with standard diet and water ad libitum. 
Dosage and administration
The human therapeutic dose of Withania somnifera and Tribulus terrestris are 5 g and 7 g, respectively as mentioned in the Unani literature. 8 The dose for rat was calculated by dividing it by adult human weight of 60 kg and multiplying it by factor 7 to accommodate the body surface area of the animal. 15 The dose of the crude drug was found to be 585 mg/kg for WS and 820 mg/kg for TT. The dose of the extract was determined with reference to the yield % of extract with the dose of crude drug and calculated as 100 mg/kg for WS and 98 mg/kg for TT. The combination of extract was 198 mg/kg which was less than the safe dose of 2 g/kg as indicated by acute toxicity study carried out by Prabu et al 16 for WS and Hemlatha and Hari 17 for TT. The suspensions of extract and clomiphene citrate (CC) were freshly prepared (in 1 mL of 0.5% CMC) daily before each administration.
Letrozole induced polycystic ovarian syndrome
The method of Sasikala and Shamila 18 and Jadhav et al 19 was followed with slight modification in the treatment schedule. First the animals were weighed, checked for two consecutive normal estrus cycles by vaginal smear examination, microscopically, 20 and divided in to four groups of six animals each. Group I served as negative control and received 1 mL of 0.5% CMC. The animals of Groups II-IV were treated with letrozole (1 mg/kg dissolved in 0.5% CMC) for 21 days for induction of PCOS. The animals of Group II served as positive control. From the 22 nd day the animals of Group III were treated with hydroalcoholic extract of the combination of WS and TT in the dose of 198 mg/kg and served as the test group, whereas the animals of Group IV were treated with CC in the dose of 1 mg/kg and served as standard control. 21 The hydroalcoholic extract and standard drugs were administered daily orally and continued for a further 28 days. Throughout the study, vaginal smears were collected daily and evaluated microscopically for the determination of various phases of estrus cycle. The animals of the positive control group were sacrificed after 21 days treatment of letrozole whereas the animals of the other groups were sacrificed after 24 hours of the last dose of treatment with test and standard drugs and after 18 hours of fasting.
Vaginal smear observation
During the whole period of study, every morning between 9.00 AM to 10.00 am, vaginal secretions were collected with a plastic pipette by inserting the tip in to the rat vagina, filled with 10 L of normal saline. 
Serum analysis
First the animals were tested for blood glucose by glucometer; thereafter they were sacrificed under theopentone anesthesia (50 mg/kg ip). Blood samples were collected by cardiac puncture and serum was separated by centrifugation at 3,000 rpm for 15 minutes. 19 Total serum cholesterol was analyzed by Total Cholesterol kit using auto analyzer-Rapid diagnostic Pvt. Ltd. Mumbai, India (Star plus) Plasma testosterone, estradiole, follicle-stimulating hormone (FSH), and LH were assayed by electrochemiluminescence immunoassay. After collection of blood; ovaries and uterus were dissected out, and weighed on an electronic balance. One ovary from one animal of each group was preserved in 10% formalin for histopathological study. 20 
Phytochemical analysis
The hydroalcoholic extracts of WS and TT were subjected to preliminary screening of phytochemicals such as alkaloids, flavonoids, phenols, tannins, saponins, sterols, and glycosides. 21
Statistical analysis
The results of different groups were analyzed by one way Analysis of variance space repeated measure with Tukey-Kramer multiple pair comparison test and Dunn comparison test. Statistical difference was considered significant at p < 0.05. Data were expressed as mean ± standard error of mean (SEM). 
Results
Effect of combination of hydroalcoholic extract of Withania somnifera and Tribulus terrestris on duration of different phases of estrus cycle
The number of days spent in proestrus and metestrus phase by rats of the positive control group treated with letrozole were significantly (p < 0.001) reduced from that of the number of days spent by the rats of the negative control group treated with vehicle only in proestrus and in metestrus phases. Rats of the test group showed a significant (p < 0.01) increase in the number of days spent in estrus phase in comparison to the positive control. Duration of the diestrus phase in rats of the test group showed significant reduction (p < 0.01) when compared with the positive control group (Table 1) .
Effect of combination of hydroalcoholic extract of Withania somnifera and Tribulus terrestris on hormonal levels
In the positive control group treated with letrozole only, FSH level was decreased whereas LH, estradiole, and testosterone levels were increased (p < 0.05), however, after treatment with combinations of hydroalcoholic extract of Withania somnifera and Tribulus terrestris, the reverse effect was observed as FSH level was increased although LH, estradiole, and testosterone level were found to be decreased, it was not statistically significant (Table 2 ).
Effect of combination of hydroalcoholic extract of Withania somnifera and Tribulus terrestris on serum total cholesterol and blood glucose
The mean value of serum total cholesterol was increased significantly (p < 0.001) in the positive control group in comparison to the negative control group. In the test group after treatment with hydroalcoholic extract of Withania somnifera and Tribulus terrestris a significant reduction (p < 0.01) in cholesterol level was observed in comparison to the positive control group (Table 3) .
Effect of combination of hydroalcoholic extract of Withania somnifera and Tribulus terrestris on weight of ovary and uterus
A significant increase in mean ovarian weight (p < 0.001) and decrease in mean uterine weight (p < 0.01) in the animals of the positive control group was observed in comparison to the negative control group. The test drugs decreased ovarian weight and uterine weight were also returned to normalcy but it was not statistically significant (Table 4) .
Effect of combination of hydroalcoholic extract of Withania somnifera and Tribulus terrestris histology of ovaries
Light microscopic images (50× and 100×) of ovary sections from the negative control group (Fig. 1A and A1) showed congested vascular spaces with spindle shaped cells in the medulla. The cortex showed primary and secondary follicles with aggregation of granulosa cells and scant follicular antrum few follicles showed intact oocyte, the corpus luteum contains uniform round cells with abundant eosinophilic cytoplasm. In the positive control group (Fig. 1B and B1 ) the medulla and cortex showed multiple follicular cysts of varying sizes with diminished granulosa cells and increased follicular antrum, some atretic follicles and few follicles contain degenerated oocytes. The corpus luteum also showed atrophic changes. After treatment with a combination of hydroalcoholic extract of Withania somnifera and Tribulus terrestris the histopathological changes reached up to the normal which was almost similar to findings with negative control (Figs. 1C, C1, D, and D1 ).
Phytochemical analysis
Phytochemical analysis showed that alkaloids, saponins, phenols, flavonoids, and glycosides were present in hydroalcoholic extracts of both drugs. However, Tribulus terrestris showed positive result for tannins also (Table 5 ).
Discussion
Throughout the estrus cycle a lot of changes occur in the ovaries. 22 Duration of normal estrus cycle of rat is 4-5 days showing four phases in sequential order: proestrus, estrus, metestrus, and diestrus. All letrozole treated rats were entirely acyclic, as the number of days spent in the proestrus, estrus, and metestrus phase by rats of positive control were significantly (p < 0.001) reduced whereas the diestrus phase very significantly (p < 0.001) increased when compared with the negative control, which demonstrated irregular estrus cyclicity, as reflected by the presence of leucocytes which were predominant in their vaginal smear. Administration of hydroalcoholic extract of WS and TT for 28 days showed significant effect in normalizing the estrus cycle after being altered by letrozole which was confirmed after comparing the estrus cycle of different groups. Letrozole induces PCOS in animals by blocking the conversion of androgens to estrogens. 23 The inhibition of aromatase activity leads to increase of ovarian androgens which, in turn, leads to hyperandrogenism, a hallmark of PCOS. 19, [24] [25] [26] Excess androgen feedback to the pituitary gland results in excessive LH and depressed FSH secretion. Rising estrogen levels have a negative feedback effect on FSH secretion. Anovulation is associated with an elevated estrogen level. Amongst disorders of ovulation, PCOS is unique as it is associated with normal or elevated estrogen levels. 27 Therefore, letrozole in the present study might have inhibited aromatase activity and consequently conversion of androgens (notably testosterone) to estrogens with the clinical manifestation of the elevated levels of testosterone, increased levels of LH, and decreased level of FSH. This hormonal imbalance created by letrozole resulted in irregular and/or prolonged estrus cycle. The same findings were observed in other studies. 5, 18, 19, [23] [24] [25] The hydroalcoholic extract of combination of WS and TT are able to normalize the hormonal level. In the positive control group FSH level was decreased whereas LH, estradiole and testosterone levels were increased but after treatment with the test drugs the reverse effect was observed though it was not statistically significant. PCOS patients are often hyperandrogenemia and associated with alterations in lipids and lipoprotein levels resulting in dislipidemia. 5, 18, 19 Similar effects were observed in PCOS induced rats in the present study. Cholesterol levels were also found to be increased (p < 0.001) in PCOS induced rats which decreased significantly (p < 0.01) after treatment with test and standard drugs. The animals were also investigated for blood glucose. However, we found that letrozole does not affect insulin sensitivity. The same finding has been reported by other researchers.
Ovarian weight in PCOS-induced rats was increased (p < 0.001) which is in accordance with the previous findings. 18, 19 The treatment with the test drugs prevented further increase in ovarian weight. The uterine weight was decreased (p < 0.01) in PCOS induced rats. This corresponds with the earlier findings, 19 however, it returned to normalcy when rats were treated with the test combination.
The results of hormonal analysis were also supported by histopathological findings of ovaries as histopathological changes reached up to the normal level which was almost similar to findings with negative control. The result clearly demonstrated the ability of the test drugs to dissolve the cyst and normalize the function of the ovaries as the cortex showed primary and secondary follicles with aggregation of granulosa cells and scanty follicular antrum in treated groups.
The effect of the combination of WS and TT were compared with clomiphene citrate an orally active nonsteroidal agent. It binds to both estrogen receptor ␣ (ER␣) and estrogen receptor ␤ (ER␤), and acts as a pure estrogen antagonist by stimulating Gonadotropin releasing hormone secretion. 28 The phytochemical investigations of WS and TT demonstrated the presence of phytoestrogens such as phytosterol, saponins, phenols, and flavanoids. In Tribulus terrestris some saponins on hydrolysis give rise to steroidal sapogenin such as diosenin, gitogenin, chlorogenin, and ruscogenin, and an essential oil. 10 Phytoestrogens have been shown to bind to two types of estrogen receptors ER␣ and ER␤. 29 The mechanism of action of the test drugs due to presence of phytoestrogen in it is thought to be similar to the standard drug clomiphene citrate in normalization of the hormonal level and induction of ovulation. Further efficacy of antioxidant drugs in PCOS has also been noted in vitro. 30 Interestingly, both the drugs possess antioxidant activity. 9, 11 Withania somnifera supports overall functions of endocrine system. The aerial part and fruit of Tribulus terrestris promote regular ovulation and may reduce ovarian cyst in women with PCOS. 13 According to Unani literature, altered temperament (sue mizaje barid) of the uterus and ovaries is one of the main causes of amenorrhea and obesity which disrupts the normal function of ovaries leading to oligoovulation or an ovulation. WS and TT are hot in the first and third degree respectively 8 suggesting that the drugs possess such a degree of hotness which suits induction of response in amenorrhea and infertility. On treatment, the histopathological changes reached up to the normal level, which clearly indicates that the test combination stimulates the ovarian function as cortex shows primary and secondary follicles with aggregation of granulosa cells. The result clearly demonstrated that the test combination due to their hot temperament dissolves the cyst. Therefore, it can be concluded that the test combination normalizes the ovarian functions by alteration of temperament of ovaries. TT has already been reported for its effect in formation of corpus luteum when administered to immature rats for 21 days. Moreover TT has also been studied in a very low dose (5 mg/kg and 10 mg/kg) in alternative treatment of ovarian cysts induced by estradiol valerate in rat, 12 which further justified the efficacy of the test drugs.
Amenorrhea is the prevalent feature of the disease. The test combination has been described to possess emmenaogogue properties useful in improving the amenorrhea. Test drugs also have lenitive and resolvent properties, with these inherited properties may liquefy the viscous matter and resolve the matter forming cysts, thus correcting and normalizing the ovarian functions. [31] [32] [33] [34] Therefore, the mechanism proposed by the Unani physicians appears to be comprehensive and very much in commensuration of the modern approaches of treatment.
On account of the results and discussion it can be concluded that the hydroalcoholic extract of combination WS and TT exhibited significant recovery of FSH, LH, estradiole, and testosterone levels in serum. The hydroalcoholic extract demonstrated significant antiandrogenic effects by reducing increased testosterone level and preventing ovarian dysfunction in rats. This property of the test drugs may be due to the presence of phytoestrogens in hydroalcoholic extract of the test combination. Further studies are required to explain the exact mechanism of action of the test drug combinations.
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